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lntrodll Ction
The pa rtialpr e ss u r e ofGOB(pC O2)in 比 e s n rfa ce o ce a nshow s spa七iala nd七e mpo r al
v a riationslargerthan tlhe atm o sphe ric co un七e rpa･rts, c a ll S ed by 払e mix ed-layer de velop-
m e nt a nd biologicalprod11 Ctivi七y. h the 引1bpola r r egl O n B Ofthe o c ean s, obse r vatio ns
sho w that the o c e a nic pCO2 andthe c o n c e ntratio n of 七otal in organic carbo n a r ehigher
du ring wintertha n 811 m m e r. Th芦 O C e a nis a(〕OB Sムu r cefo rthe atm o sphe r ein winter
a nd a(プ02 Sink in B u m m e r･ T his s e a s oェ1al e v ollltio n m aybe mainly ac c o unted fo rbythe
winte r m lX l ng Of de ep w ate rs, which a r e richin totalin o rga nic ca rbo n, andthe biologic al
pr odll Ctio min s u m n e r･ On the othe rha nd,in the stlb七ropicalr egio血)he o c e a niB aC OB
sink illthe winte r a nd a COB S O llr C ein the sllm 皿er, This v a riatio ni8gO V e m edprim a rily
by七e mper atll r e.
M ethod
ln this study, w efocnBthe mechanis m ofc a rbo n cyclein the surfa c e o･c甲n . We e mploy
a七hr e e-din e n sio z1alo c e an m Odd in cludingtheb ulk m ked二1ayer model[Kr a u s a nd 九rLn e r,
1967; N iile r a nd Kr a u s, 1-
97]･ Air- s e号c a rbo n且u 3' is Gal-la七占d u sing.a this m odel,_in
whichthedistributio n s of totalin o rga n l C C a rbo n,plo sphate, a71d c a rbohate alkaLni七y a r e
sim l11ated･ The m odelha sthe llP Pe r300m of 七he oFe a n･ T ie mt.del isinitiali
lz ed wi th
histo ricaldata in 七he No rth Pa ci丘c a nd fo r c ed by Ellr OPe an Ce ntr efo r M ediふm - Ra nge
w e athe rFo rec a sts(ECM WF)data and National(〕e nter sfo r En vi m m e n七alPr edictio 皿
(N(〕E P)/Natio nal Cente rfor A七m o8pheric Res e a r ch(N (〕A R)da七a･ Velo city stru ctu r es
a r e obtain edfr o m wind d riv e nEkm a ntr a n spo r七 a nd ge o s七r ophic o cean c u rr e nts diag-
n o s七ical1yindtLC ed bythe obs e r ved de n sity s七ru c七11re8 ･ T his 皿 Odel r et ain sthe following
pr o c e ss es: air- s e a c a rbo n 鮎 Ⅹ a七the s e a s u rfa c e, the biologicalpll mp, 七hc de v elopm e nt
of mix edlaye r,horiz ontal and v e rticaladv e ctibn s and ho ri2;O ntal a nd v e r七ical di瓜1Sio n 8.
The mix edlaye rde v elopm e nt o c c u r sby c o oling a nd wh dstr es sthr ollghthe S e a S llrfa c e.
The e ntr ain m e nt v elo city, We ,is dete rmin ed 丘o mthe cl ergybala n c e. A gain ofpote n七ial
e n e rgya七theba s eofthe mi*ed laye rbala n c es with a stln Ofthetu rblde ntkin etic e n e rgy
a ndthe pote ntialen ergyl nPllt a七the Bu rfa c e･ W he nthe atm o spheric c o olingdla ngeStO
thehe ating(e･g･_stL m m e r),the e ntrain n e n七 v elo cityis
､
s et to 巧er O.
T he equ atio n sfo r c o n s e r v atio n ofto七alin o rganic c arbo n Cm , carもo n ate al kalinity A, ”
a ndphosphate P,,iin the mi且ed laye r a r e
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%%
we讐 - 警 - 芋spm
-(u ･積)箸＋ vei)箸
IKE(% ･%),
we筈 - 芋去spq
-(u ･ ue告)普 -(v ･塘)普
･KE(箸 ･箸),
塾 - we筈 - spm8l
-(u ･ ue告)普 -(v ･ vei)普
･Kq(語 ･筈),
(1)
(2)
(3)
wher e △C, △A a nd △P aLr ethe dis co ntimi七ie sin to七al in o rga nic c a rbo n, c a rbo n ate
al kaLrLity) a nd pll O SPhate a七 the ba s e of the miⅩed layer ･ u , ” a nd w a r ethe ho riz o ntal
a nd v c r七icalv elocity c o mpo n e nts) ue a nd ve a r ethe E knan vdo citieβ, w . is the v e rtic al
v elo city(E kna n pu mping o r s u ctio n)a8S O Ciated with c o n v erge n c e o rdiv 町ge n■c e ofthe
Ekn a ntr a n spo rt) i is the mix ed-laye rdepth? he is the E kna n depth, a nd KE i5 the
ho riz o ntaldiffq sio n(- 102 m 2 8
‾ 1
). Thefo r m tllaforthe air-s e a c a rもo n且t u, Fc ｡, is
Fo o, - A/y(pC O2.c - PC O2&tm), (4)
whe reた.(c n i
- 1
)is the pisto n心clo city[Wa n ninkhof,192], 7(m ol kg
- 1
atm
- 1
)isthe
s ol 止iPty of C OBin s e a w ate r, a ndpC O2oc(patm)a nd pC O2 血(pa七m)a rethe pa rtial
pr e ss u = e S of(コ02in the std a c e o c e a n a ndi the atm o sphe r e) r e spe ctivdy･ T he o c e a nic
pC O2i8 r elated七o totalin o聯 nic c a rbon a nd c a rbo n a七e al kaunity unde rthe a s 和 mP七io n 6
ofchemic alcqlliibriu m.
T he biologic alpu mp Spn is c o n sidered a s afun c七io n ofpho sphate c o n c e ntr atio nin
the nix ed layez
･
:
sp- -量p(i);,
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(5)
whe r eLis the c o e缶cie nt a七 whichthe biologicalpr odu ctio n o c c u r s(L - 1)o rdo es n ot
o c c u r(L - 0), a ndthe Teisthe e-folding七im e s cale ofpho sphate r edtlCtion(orbiologic al
pr odll Ctio n). The c o elRcie n七L is1 in su m m e ra nd 0i皿 Winte r, withthetr a n sitio n七im es
glV e n a 8 afu n ctio n ofthela七itude s･ The v altl eSOfL a nd Te c o ntr olthe m agni七tLde a nd
the period ofthe biologic alprodll Ctio n, r e spe ctivdy. The valll eS OfTe a r e s c七 a s60days
w e st of165oE a nd180days e a.s七 of165
oE.
The equ atio n sfor七otal (〕OB 0z, ca rbon a七e aunlinityAl, a ndpho sphate PEinthelo w e r
layer a r e
∂q
- - 竿sp.∂i
-擢 一 環 - (w ･ w c)雷
･KH(謡＋謡). Kz(料
8Al
-
- 芋去sp.∂モ
ー u% - 濯 - (w ･ w e)%
･KE(謡＋謡)･ Kz(料
空塁
∂毛
Sp,
- 選 一 濯 - (w ･ w e)%
･KH 笹･謡). Kz(S2),
(8)
(7)
(8)
whe r eKzis 七he v e rtic aldiffu sio n c o efRcien七( - 10
1 5
m
2
s
- 1). Tも.e v e rticalpr o且1e of the
min er anz ation Sp,is giv e nby
sn - 語吉e正pト(I - h)/1000), (g)
whe re zisthe depth of w ater･ T hu s,the o rga nic c a rbo nAll X r edll C eS e XpO n e n七idlyto1/e
a七1000m .
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R e s ults
W e de s c ribethe r esult of diffe r e n c e ofthe eHe ct ofthe biologic alpr odll Ctio nbetw e e n
the e a s七e m and w e ster n r eglO n S･ T heLo riz o nねI m ap ofa n n lla n e an air- S e a Ca rbo n 且u x
is sho wnin Figu r e1(a)･ Po sitiv ev alu esde 且 otethe r egio n whe r ethe o c e a nis aC OB Sizlk
in o n eye a r. EBPe Cial1y,in the vicinity oftheJapa n c o a stlthe o c e a nis a str o ngC OB Sink
bec a u s ethe Str o ngbiologicalprodu ctio n o c c u r sin 写u m m e r. In theli mi tedpo sitio n ofthe
s ubpola r r eglO n, the o c e a ni8 a C O2 S o u r c e Whe r e v ertical mixing ofdc cp w ate rs〉 which
a r e richin totalin o rga nic c a rbo n] o c c t u ” apidlyin wizlte r.
In the m e a nbala n c e,the biologicalpu mpi8 n e a rly c a n c eldbythe adv e ctio n eHe cts
in the s1,bpola r r egl O n, a nd 紘 e I血 o r re sidu altakesthe atn o sple ric C O,to the . c e a n
(Figu r e1(b))I T he adv ectio n eqc c七sin the sllbpola r r egio n a r e mainlydu eto the E kn an
tlPW e皿ing,in c r e a sing C OB by･tr anspo rtingthe high C O2 丘o m the lo w erlaye r. To the
subtr opic alr egio n,thela rge C OBin the s ubpola r reglO nistra n spo rted bythe 80 uthw a rd
E km a n且o wI Allthr e e c ompo n e nts a r e s male rin the sllbtr opicalr egio n. The s e a s . n al
v ariability ofair- S e aCarbo ll且u xis c o ntr olled bytLcbiologic alpll mPin 8Pn ng a nd$11 m m e r
a nd v e r七ical m 述 ngto the mix edlaye rin winte r almg wi tht e s e c o nda ry eSec七 of the
丑kn a n upw el払ng which is str ongerin wintc r(Figllr C2).
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Figu r el･ Ann tLal m e an distri butio n of(a)air- s e a c arbo n■鮎 Ⅹ(mgC m
- 2 a
- 1
)in the
No rth Pa cific･ The co nto llrin七er valis 20 mgC 孤
- 2 d
1 1
･ po sitiv evalu es a r e whe r e七Le
oce anis aC O2 Sink, a nd n egativ e valー1eS a r eW he r ethe o c e a nis aC OB S On r C e･ (b)An nllal
m e a n c a rbo n丑t u(mgC m
‾ 2 a
- 1), which v e rticalin七egr a七edfr o m s e a s u rfa c eto 20 m
depth, alo ngthelatitllde. The s olidlin ede n ote s air- s e a c a rbo n All X. T he sho rtdashed
lin ede n otesbiologic alpll mP Which e xpo rts o rga nic c a rbo llfo r地･elo w e rlaye r. T he dots
lin ede n otesthe adv e ctio n s wllichtr a n spo rts C a rbo ェ1in 七Le s tlrfa c elaye r.
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(d) Jul. - 白ep.
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